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ARSTRACT

Two case histories are offered as examples of the work done with
31 state and local law-enforcement agencies by the Jet Propulsion
Laboratory under a grant from the federal Law Enforcement Assistance
Administration to improve police communications systems, In one study
the feasibility of consolidating dispatch center operations for small
agencies is considered. System load measurements were taken and
queueing analysie applied to determine numbers of personnel required
for each separate agency and for a consolidated dispatch center,
Functional requirements were developed and a cost model was designed
to compare relative costs of various alternatives including
continuation of the present system, consolidation of a manual system,
and consolidated computer-aided dispatching. The second case history
deals with the consideration of a multi-regional, intra-state radio
frequency for improved inter-regional communications, Sample
standards and specifications for radio equipment are provided.
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] r Law~Enforcement Communications:
Case Study Report 1 (JFL Publication 79-71) by Norman B, Reilly and
James A,

FOREWORD

This report describes a part of the work done by the Jet Propulsion
Laboratory to aid law-enforcement agencies in improving their
communications., The work was done under a JPL-Caltech grant from the
federal Law Enforcement Assistance Administration ar part of LEAA's ’

overall program of assistance to law-enforcemant and eriminal-juatice
jurisdictions.

1}
» the reader ia

Mustain, prepared for the U.s.
Enforcement Administration by the Jet Pr
Institute of Technology, Pasadena, Calif

Department of Justice Law
opulsion Laboratory, California
»» and published June 15, 1979,

e

.k

iv




CONTENTS
I. A COOPERATIVE DISPATCHING PROJECT FOR SMALL CITIES mrmrmemmmme 1]

A, THE PROJECT PLAN -~~~ - - 1~2
B. MEASURING WORK LOAD ~rrmenememmm— o 0 e - ~ 1-3
c. DEFINING THE OPTIONS ~=e=w—m e e e e e ] =g
D, FUNCTIONAL REQUIREMENTS ~==memamommmum- —————— —————— === ]1=6
E.  ANALYZING THE DATA =m=--m = e LY
F.  DEVELOPING THE COST MODEL ~====--memmem—————c e ——————— 1-9
G.  SELECTING A RECOMMENDED SYSTEM —=ermmmemme—momcemmm———— 1-11
Ho  CONCLUSION = e e e e 1-12
1. Cooperating Orange County Citieg -=- ——— - = 1-1
2. Functional Requirements Furnished by Each

Participating Police Department --—- —— == 1=7
3, Response-Time System Design G0als ——=me—m—meemcccmeome- 1-8
4, Typical Reporting Requirements =m=——mmmms-—accmececaa- 1-9
5. Projected Call Rates and Radio

Transactions, 1981-1990 ——-e=wmmmmas oo 110

6. Projected CBO and Dispatcher Requirements ==mm---=coee- 1-10
7 Elements of Cost Model —— - 1-11

II.  EASTERN CONNECTICUT POLICE EMERGENCY
COMMUNICATIONS NETWORK ===-rrmeeee—cmmoe cmmaee e - 2-1

APPENDIX A: STANDARDIZED QUALITY REQUIREMENTS FOR

LAND MOBILE RADIO SYSTEMS =am—rmmmsreo—mmeseoceemeaeeme A-1
APPENDIX B: GENERAL SPECIFICATION REQUIREMENTS FOR
LOW~BAND BASE STATION TRANSCELVERS et S B-1
v

";..n "'“ .--- . BT ENETC e I - ——————— .

[

Wi



| A COOPERATIVE DISPATCHING PROJECT FOR SMALL CITIES

One of the goala of the LEAA program of technical assistance for
law-enforcement communications ia to support and eacourage the
development of joint projecta that will ennble cities that are
individually too small to justify the investment in automated
dispatching equipment to join together to improve their service to the
public without losing their autonomy.

Such multi~jurisdictional systeme are nob new., Asd long ago as
1974 three small cities in @llinoiw set up a cooperative dispatching
system (see LEAA/JPL publication, Application of Computer-Aided
Dispatch in Law Enforcement, JPL 5055-13, December 1975), and a
somewhat larger joint system is row in operation in Southern California
(The South Bay Regional Communications Authority). Nevertheless, in
many cases cities need some assistance and guidance in determining
whether a cooperative system is feasible and the extent to which it can

improve service or save money, or both, The LEAA grant to JPL covers
the provision of such assistance and guidance.

The cities involved in this project are adjoining municipalities
in the uorthern portion of Orange County, California. The cities,
together with their populations and police department staffing levels,
are shown in Taeble 1, These police departments have a long history of
close cooperation, and it appeared reasonable to investigate the
possibility of combining some of their operations as a means of
controlling the rise in law enforcement costs while maintaining or
improving service to the public. Controlling cost increases is of
special concern in this period of growing public resistance to the _
rising cost of public services. }

The entire project was facilitated by the Orange County Criminal ‘
Justice Council, a county agency that coordinates law-enforcement 1
activities in the county's various jurisdictions. The JPL technical 1
assietance team for law enforcement communications wae enlisted early 3
in the project, with LEAA approval,

Table 1. Coop. ating Orange County Cities

PERSONNEL
CITY POPULATION (1978)  SWORN NON-SWORN TOTAL
|
' Brea 26, 500 51 15 66 1
Yorba Linda 27,000 Police services provided by Brea
under contract ‘
Fullerton 100,000 130 56 186 ;
La Habra 44,400 56 24 80 4
Placentia 32,650 43 15 58 !




The ataff of the Orange County Criminal Justice Council devaloped
4 conecept paper for the cooparative system and prasented it for
considerdtion hy the concerned citias’ chiefa of police at a meating in
July, 1978. After they appraved the concept the staff prepared a
regearch plan and t!meatable. The Council ataff almo aranged for the
participation of JPL team members in the project. ‘

A meeting was held in Novembar of 1978 to set the general
guidelinas for the project. It was agreed that the function mosat
suitable for consolidation waa communications, and an overall plan of
action was adopted. Because of the expected implementation of the 911
emergency calling system, it wae agreed that fire calls should be
considered in any cooperative system to be established. Regular weekly
meetinga of the participants were scheduled to maintain coordination
and to answer questions as they arose.

A, THE PROJECT PLAN

The first step was the measurement of call rates and service
times at peak-load hours for all of the departments concerned, Since
any consolidated system would require some investment in facilities and
equipment, it was important to project a life-cycle cost for any new
system. Life-cycle costing means that all costs (non-recurring and
recurring) be identified for the expected service life of the system
(in this case taken to be 10 years) to determine whether there would be
& saving by consolidating the communications operations.

It would not be possible to make reasonable comparisons, however,
unless the alternatives were compared against a common base. This
common base is provided by defining the functional requirements for
each department's dispatching operation.

Determining functional requirements is g step that is frequently
omitted from many project Plans. Functional requirements specify what
8 system is expected to do but not how the aystem will do it. Included
in functional requirements are performance standards such as average
wait times for incoming phone calls to be serviced, etc.

The next part of the analysis was to define a set of options that
could be compared to determine which can meet the functional
requirements at the lowest life~cycle cost. One of these options must
be to continue with the Present system (augmented if necessary to meet
the functional requirements), since the value of any consolidated
system can be determined only in relation to the cost of the presgent
system,

Finally a cost model was constructed. The model itself is not
complicated, since it merely adde up all the costs of operating any of
the options over a 10-year period. Collecting all the input data for
the model is more complex, however; each department has to identify all
of its projected costs for each of the options (including the option of
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remaining with the present unconsolidated aytem), Onee this
information is entered into the cost model, the total L0~year coata for

each option cay be compared to the others to determine which ahows the
loweat total,

This brief outline of the process has been given to ahow the
general framework of the study. The following sections will deseribe
the process in greater detail, It should be peinted out here that
policy queations were deliberately excluded from this part of the
study, There are always policy questions to he answered in any joint
project of this kind-~how coste will be allocated, how local control is
maintained, how authority will he delegated, and so on. It does not
appear to be veeful to address these questions, however, until it has
been determined that consolidation of functions is in fact moxe
economical (it may turn out that separate operations are more
economical) and what specific system is to be gelected if a new one is
to be installed, The participants in the project thought that when a
specific proposal could be made, it would be possible to work out the
policy questions without serious difficulty,

B. MEASURING WORK LOAD

In February 1979 the JPL team held a one-~day semiuar for members
of the police departments to specify what data was required and how it
could be obtained in a uniform format. Forms were provided on which
the information could be recorded. In most cases tape tranacriptions
were made, with the start and stop time and nature of each call listed
for Complaint Board Operator (CBO) functions and start and stop times

for radio transactiona* for dispatcher functions. From this raw data
it was possible to determine:

) Categories of calls (inm, out, calls requiring dispatch,
administrative calls, requests for information, etc.).

] Length of each call, from which average service time could
be determined,

) Numbers of calls and hourly arrival rates.

*A radio transaction is defined here as all of the radio transmissions
related to a given radio exchange. For example, a dispatch trans-
action might consist of four transmissions —- the initial call to
the unit, the unit's acknowledgment, the details of the dispatch and
the unit's acknowledgement of the details, Queueing theory assumes
that each function ie independent, yet clearly the last three func~
tions above are dependent on the initial call, Therefore, this
concept of & transaction ies used, and the truusaction is timed from
beginning to end, including dead time between transmissions,

I
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. Other funetiona performed by CBO (data~hass queries,
manual record checks, logging, clerical operationa),

] Parcent of time the CBO was busy (this 1s the utiligation
rate used in queveing analyaea),

) Arvival rate and duration of dispatcheas,

) Rate and duration of radio transactiona,

(] Other functions performed by the dispatcher and their
durations,

)

Percentage of time dispatcher was busy (utilization rate),

In some of the departments the CBO and dispatcher functions were

performed by the same pergon, but the forms allowed for separating the
two types of functions.

At the same time, each department was asked to list its
equipment (consoles, data-base inquiry terminals, phone lines, radio
channels, etc.) and the major communications and dispatching functions
performed (answer phone, fill out cards, dispatch units, make
data-base inquiries, maintain logs, etc.). A bleck diagrem of each
layout was made and the number of personnel in each category was shown,

Call arrival rates and service ti
department at a time e

department, This is i

mes were measured by each
xpected to represent the peak load for the
mportant for determining the maximum gize of the
physical facility, i.,e., the number of consoles required, etc, The

same analysis can be applied later to the other arrival rates during
the day in order to determine staffing requirements.

Three types of forms were used for recording the data: a voice-
function data sheet, with separate sheets used for telephone and radio
voice functions; a manual-function data sheet, and a summary data
sheet combining telephone, radio, and manual functions. The voice
data was collected by listening to a tape recording made during the
selected peak hour and the manual functions were measured by direct
observation; in both cases a stop watch was used. Type of call or
manual activity was listed along with the duration of each,

C. DEFINING THE OPTIONS

Five options were defined by the project team
with respect to their relative total costs for 10 ye
The idea was to cover the full range of degrees of a
communications, In general, increasing the extent o
reduces the manpower requirement because more functions are taken over
by computer, and dirvect labor, which is the major component of most
police department budgets, ie reduced. This effect is most apparent
in a police department in the area of management report generation,

to be compared
ars of operation.
utomation of the
f automation
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The primary advantage of conaolidation for esmall ageneian 1a
that overall manpawar for the ageneiea combined can frequently he
reducad, If an ageney han enough work for, say, 1,2 people, then two
people muat ba employed, aven though the sacond peraon ia
aubatantially underutiligad, IFf this were true for each of flve
agencien, 10 penple would bhe employed, five of whom ware
wnderutilizead., 1If the five agencles comhined there would he five
times as much work, which would require exactly aix people~~four lass
ehan if the agencias oporatnd independently, If work expandad
alightly, a seventh peraon could he added, acill wieh only ene parson
underutilized insteoad of five,

Five options were definod for the Orange County study:

Option 1 is to maintain the present decentralized, largely
manual systems, but to add personnel as required to meet the
defined functional requirements of each department. Since cach
department now has only one to three people for its dispatching
function, there will necessarily be a large percentage increase
in mannower costs as goon as the load exceeds the capacity of
the present staff; the resulting larger staff ig underutilized
until the load increases conasic rably.

Option 2 is to retain the present largely manual systems, but
combine them in a central location. In any combined operation
there iy a question of how local departments are to maintain
control over their units when they are being dispatched from a
remote location. The methods of local control generally
considered are: 1) monitoring of the radio channel by the local
department to maintain awareness of the status of its units; 2)
a hot line from the local department to the dispatching center,
permitting the local department to override a dispatch if
appropriate; and/or 3) wonitoring the status of units equipped
with mobile digital terminals (MODATs) by means of a status
board driven by the radio signals from the MODATs. This last
method is of course availaple only if the patrol units are
equipped with MODATs (as are some of those in the cities
congsidered here)., The cost of any new equipment or personnel
required to maintain local control must be added to the costs of
the centralized system. (The methods of maintaining locat
control described above are applicable to any centralized
dispatch aystem.)

Option 3 is a centralized system using a computer-aided dispatch
(CAD) system. Such a system generally requires a fairly

large capital expense. With a minimum CAD system, local control
would have to be maintained by the methods outlined above under

Option 2, For the cities involved in this study, radio channel

occupancy is nnt a problem and the principal advantage of a CAD

system would be in manpower reductions. It must be pointed out

that CAD in itself does not reduce manpower requirements for

the dispatch function. Rather, centralization will permit a

1-5




manpower reduction through the savinga of fractiong of aperatora

AR described above, CAD ean redure manpower requirements in the
Area af management reporta generacion,

Option 4 is to inatall a CAD Ayntem aa in Cotion 3, but to add a
Aupervigory conaole at each laeal department. as a means of
providing a greater degren of leeal control, Thim would
eliminate the requirement Lo a hot line to the diapatehing
eenter, but the consoles reprosent & large investment and would

have to be conneeted to the diapatching conter by full-time
telephone links,

Option 5 is to install a CAD System, but one in which only the

kerent departments, Digpatching
console in each department, using its own
dispatchers, This System maintaing full local control but

realizes few cconomics in manpower because the staffs are not
centralized,

D. FUNCTIONAL REQUIREMENTS

options. Each department

requirements, which include what functions are to be performed as well
as performance standards., Table 2 lists the kinde of information
provided by each department. Note that reference materials used by
CHOs and dispatchers are included, since they are frequently stored in

the computer in a CAD System, resulting in faster access but requiring
gome additional cost to computerize,

One of the difficulties in comparing CAD systems with manual
systems isg reporting. In manual Systems, reports ure generally
expensive and slow to generate; in CAD systems they can be generated
quickly and cheaply. Most CAD gystems will generate more timely and
better reports than are usually produced in a manual aystem, but it ig
difficult to assign a dollar value to the improvement in quality,

reports. Nevertheleas this factor
0 comparing CAD systems with manual

subjective consideration, There may
even be a morale factor to be considered, since most police department

personnel do not enjoy Preparing reports and view them as peripheral
to their main functions,

1-6
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Table 2. Functional Requlrements Furnished by Fach
Participating Pelice Department

1. CBO Funetionas:

law-anforcemant emergency
fire emergency

medical emergency
non=cmergoency
administrative

animal control

outgoing calla

Reference materials used (beat books, maps, ote.)

Response time goals

Acceptable probability of caller receiving busy
signal (%)

Average wait time of caller not more than

Acceptable total transaction time from first ring to
time dispatcher receives dispatch

Other functions (typing, response
at public window, etc.)

!; 2. Digpatching Functions:

Call types (as above)
Peak call volumes by type (as above)

3. Radio Functions:

Dispatches
Status reports

Data base inquiries from field units and responses
' Reference materials used

Response time goals

Average wait time for radio chaunel not more than
seconds at peak hour

Dispatch complete time (from receipt of digpatch
Erom CBO to end of transaction) to average not
more than seconds at peak hour

Other dispatcher functions

Number of supervisor consoles or stations

Required administrative reports ~

Required availability (percentage of time system not down).

1-7
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The infor.,, ap Aubmicted by the foug departments concerning
their funetiong) requiremants varieg with respecr to eall volumas,
would he expected, hut ig very aimilar wich Tespect to performance

requirements, reference makeriala, and required repores, Response-
time requirements are listed in Tah

le 3, which shows that there ia
¢ Agreement on the desired Tesponae times,

as

Table 3, Response~Time 8ystem Design Goalg

T T e

Brea  Fullerton La Habrg

Placentia

Probability of caller 0.1 0.1 0.1 0.01
getting bugy
signal, %

Average wait time for 8 6 8 6-8
Phone to be
idnswered, sec

Total CBO service 60 60 60 60
time, sec

(average at peak load)

Radio channel wait 15 10 10 i0
time, sec

(average at peak load)

Total dispatch gervice 20 15 15 15
time, sec

(average at peak load)

i

8t police departmentg an
the four departments quired reports
is shown in Table 4, at these reports, and others if

i the required

1 can easily be retrieved in the
desired formats.

oncerned iu this study:

Yi a centralized system should be
the requirements with

able to meet no difficulty,
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Tahle 4. Typical Reporting Requirements

Type of Report Fraqueney

CFS (call for service) workload daily, weekly, monthly
Beat workload and crime on demand--by shift,

categories and weekly summary
Incident log weekly on demand by shift
Juvenile statistics monthly
Uniform Crime Reports monthly
Management reports variable
Personnel work status weekly

E. ANALYZING THE DATA

With work loads measured, options defined, and functional
requirements specified, it was possible to project this information to
the 1981-1990 period, when any new consolidated system would be in
operation. First the incoming call rates and numbers of radio
transactions per hour were extrapolated from the data provided, with
the results shown in Table 5., Next the numbers of CBOs and dispatchers
that would be required to handle these rates (while meeting the
response time requirements) with the present decentralized manual
system or a centralized manual system were determined from a queveing
analysis. These results are shown in Table 6. Generally speaking,
utilization of personnel must be kept below approximately 50% in order
to keep average waiting times for service within reasonable limits.
Note that two of the departments, Brea and Placentia, now have
one-stage operations combining telephone answering and dispatching in
one pogition. To determine the number of CBOs and dispatchers required
in a combined manual operation, their requirements were prorated in
accordance with the measurement data provided,

F. DEVELOPING THE COST MODEL

Once the numbers of CBUs and dispatchers required for a manual
system (the current decentralized system or a centralized manual
system) have been determined, the necessary information is available to
start comparisons with automated systems. A great deal of additional
cost data is required, but it is primarily in the form of known data
that needs to be collected and factored into cost projections for the
different options. That task is now under way.
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Table 5. Projected Call Ratea and Radio
Transactions, 1981-1990

Incoming Calla per Hour Radio Transactions per Hour

Year Brea  Fullorton La Habra  Placentina Brea  Fullerton La Habra Placentia

1981 13 26 27 13 28 12 73 31
1982 13 26 ' 28 13 28 12 76 X}
1983 14 26 29 14 30 72 78 34
1984 14 27 29 14 30 75 78 K1
1985 15 27 30 15 2 75 &3 36
1986 15 28 30 15 32 7 83 36
1987 16 28 k3| 16 k1 77 83 19
1988 16 28 31 16 34 77 a3 39
198¢% 16 29 32 16 34 &0 86 39
1990 17 29 32 17 1) 80 86 4]

Table 6. Projected CBO and Dispatcher Requirements

Breag Fullerton La Habra Placentia Combined Manuatl
Year CBO Dis, (CBo Dis, CBO  Dpis. CBO Dis, CB) Dis, Reduction
1981 0 1 2 i 2 1 0 1 4 3 1
1982 0 1 2 1 2 1 0 1 4 4 0
1983 0 2 2 1 k| 1 0 2 5 4 1
1984 0 2 2 1 3 1 (] 2 5 4 1
1985 0 2 2 1 3 1 0 2 5 4 1
1986 Q 2 2 1 3 1 0 2 3 4 1
1987 1] 2 2 1 3 1 1] 2 5 4 2
1988 0 2 2 [} 3 1 0 2 5 4 2
198¢ 0 2 2 3 k| 1 0 2 5 4 2
1990 0 2 2 1 k| ) 0 2 5 4 2
]
1-10
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Each department is developing estimates for its non~recurring
and recurring coats for operating each of the options over the
1981-1990 period. The general categories of coat estimatos heing
provided are liasted in Tahle 7. When these data have been furnished to
the JPL team they will he entercd into the model and a total lifa~cycle
cost for each of the options will he computed,

Table 7., Elements of Cost Model

1. NON-RECURRING {CAPITAL) COSTS
a. Facility: structure, modifications, lighting, regular and
standby power, air conditioning, security.
b, Consoles
C. Computer, its peripherals and software
d. Support equipment: conveyor, intercom, tape recorders,
etc.
e, Telephone equipment and lines (new installations)
£. Installation of all above,
2, RECURRING (ANNUAL) COSTS
a. Facility: utilities, maintenance, insurance, gsupplies
b. Personnel (including associated overhead)
c. Telephone line charges
d. Telecommunications: National Crime Information Center and

other services

e. Management reports, including personnel and computer time
£. Computer maintenance and programming personnel.
F. SELECTING A RECOMMENDED SYSTEM

The cost estimates for the options are intended for comparison
only and are in no way intended for budgeting use. Therefore the
process can be simplified by omitting such considerations as inflation,
which would only exaggerate the cost differences between options,
Presumably the option with the lowest cost estimate will be selected

(assuming that all options meet the functional requirements).
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The aelection task will he simplest if there are clear~cut
differcnces among the various options, with one showing a significant
ceat advantage, Preliminary indications are that Option 5 will be too
oxpensive for this praject; it involves large capital expenditures with
lictle compensating reduction in manpower, Option 4, the CAD Ayatem
with supervisory consoles at each agency, is also likely to be too
expensive because of the cost of the extra consoles and their
communication lines. We have already seen that Option 2, the
centralized manual system, offers soma small reduction in total
manpower; the amount saved by the five cities, however, may be too
small to justify the cost of making the change. These are only

guesses, however; when the cost model has been completed the situation
will be much clearer,

G. CONCLUSION

This report has been devoted to the process of analyzing one
specific project for combining the communications and records functions
of several small police departments. LEAA is interested in encouraging
such joint efforts because they offer the promise, especially when
combined with CAD Systems, of raising the quality and lowering the cost
of law-enforcement services in contiguous small jurisdietions.,

We hope that the above description of one such project provides
some insight into the process of defining and analyzing the
requirements for combining dispatching operations., We have not
discussed the many policy issues that are certain to arise in such a
project, but these issues must be identified and resolved before a
combined system can be implemented. First, however, a process like the
one described above must be carried out to identify the costs and
benefits of combining operations., If all parties are persuaded that
there are real improvements to be made in costs and performance, thuy
will have a sound foundation on which to base their policy discussions.
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SECTION T1

FASTERN CONNECTICUT POLICE EMERCENCY
COMMUNT CATTONS NETWORK

Another example of JPL projects relating to multi-
jurisdistional proprams is the preparation of equipment and aystom
specifications for a new radio installation. Tn this case, traffic
and queueing analyses were not required; rather, the task was to
a8sist a group of communities in eastern Connecticut that had already
decided that they nceded to he directly interconnected by a special
radio network. In cases where a chase crossed jurisdictional
boundaries (where jurisdictions are relatively small), or where an
area-wide emergency existed, normal communications by long-distance
telephone were inadequate. What was needed was a dedicated radio
frequency, to be used by all of the agencies for instant
comnunication, that would also provide interconnection with the
Connecticut State Police,

The decision to implement such a network had already been
made, but before contractors could be asked to submit bids for the
necessary equipment a detailed specification was needed as a basis for
the bids. Under its grant from LEAA the JPL team prepared the

equipment and system specifications for issuance to prospective
bidders.

Ten police departments in eastern Connecticut participated in
the project, which is called the Eastern Connecticut Police Emergency
Communications Network, The project is being coordinated by the
Eastern Connecticut Criminal Justice Planning Agency and is being
supported by a grant awarded by the Comnecticut Justice Commission.

The 10 departments involved in addition to the Connecticut State
Police are:

Clinton 0ld Saybrook

Groton City Stonington

Groton Town University of Connecticut
at Storrs

New London Waterford

Norwich Willimantic

The police department of 0ld Saybrook was designated as the
procuring agency for the entire group except the University of
Connecticut at Storrs, which acted as its own procuring agency.

Each of the departments is to be provided a low-band
transceiver operating at 45.86 MHz and a local or remote~control unit
for each, and an antenna with tower. Half of the departments already

had remote-control conscles, which required only an appropriate
control module,

2-1
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Fortunately, el consultant used by JIPL for chis
aeess Lo osel o) standard spectfleatd
pollee communfeat fons cquipment,  1n rhis way the eslating quallty

standards and speclidear fops conld be used at a conslderah] e saving In
time and oxpense,

asslgnment had
s and qualley standards oy

For cach of the departme

nks An cthe project, a spoelfic
prepared thar ddentifled the p

ation was
cqulrements for:
® the base statlon transcefver

¢ the Jlocal or romote control unit {or control

module, if a
control wnit was already in place)

the antenna tower (different iIn cach case)
® the antenna (different in eiach case, including electrical and
mechanical specifications)

¢ the bandpass filter (required by five of the agencies)

e indtall

atlon (including orientation of the antenna in e
casae),

ach

General specificati

on requirements were
equipment items (primarii

also given for common
y the transceivers),

With thisg 100-page detailed specification,

ceed with confidence in advertising for bids.

spelled out in detail, and bidders will know ex
nished and to what perf

the project can pro-
All the requirements are

actly what is to be fur-
ormance and quality specifications,

quality and specification require-
base station trang-
celvers used in the Connectic
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APPENDIX A

CAPITAL SCIENTIFIC CORPORATTION
2607 Connectlent Avenue, N,W,
Waahington, D.C, 20008

QUALITY STANDARD S-1001)

!

STANDARDIZED QUALITY REQUIREMENTS .
For .

LAND MOBILE RADIO SYSTEMS

1, GENERAL

(1) Electronic equipment shall be tran
reflect the latest advances in the
cnsure against obsolescence,

sistorized and shall !
state-of-the~art to

(2) To ensure long life and reliability, the equipnent shall
be designed to maintain operation over 4 temperature
range of -30°C to +60°C, and line voltage variations of
plus or minus 20%, 117 volt reference. Certaln equip-
ment, because of ity application or nature, may have

other requirements and will be so noted,
b o

(3) Design and construction shall pe consistent with good ‘
englneering practice, and shall be executed in a neat '
and workmanlike manmer. All connections shall be made !
with rosin-core solder or approved mechanical connectors,

| (4) an equipment and systems tha
- company lines shall conform ¢t
local telephone comp
and control voltages

Lt comnect to telephone ‘
o the requirements of the

auy with respect to audio levels :
lwpressed upon the telephone lines, ’

(5)  The clectrical chariacteristics of all proposed equip-

' ment shall be fncluded in the proposals submitted by 3
brospective contractory, The electrieal measurementy
performed to determine the equipment eleetpical char
teristics shall elther be referenced to
procedure or shiall be do
manufaceturer,

fae=
4 dpecific test 1
sceribed in fy11 by the

“ REFERENCE DOCUMENTS AND STANDARDS

(1) Equipment shall mect op exceed all applical]e LIA, rec, '
NLLECT, NEC and Ul standards and requirementy which ?
are current ar the time of bid subminsion,

P - S



(2)

(3)

(4)

(%)

ALl equlpment and syatems shall he in eonformance with
FCC Rules and Repulatlons, Volume V, Januaxy 1970, and
ahall comply with applicable portlons of the following
KIA Standarda:

RE-152-8 (14965)
R8-204 (1958)
RS-220 (1959)
R§=-237 (1960)
R5-316 (1965)
R8-329 (1966)

All pole installations shall conform to applicable
portions of Electrical Transmission Speclifications and
Drawings, REA Form 805, Revision 2-73.

All antennas shall conform to NILECI-SID-0206.00 and
EIA Standard RS-329,

Lf the Specificatlons call for hardware or workmanship
in excess of that called for in any of the above
referenced documents, the Specilfications shall take
precedence,

GENERAL INSTALLATION REQUIREMENTS

(1

(2)

All work and material shall be in full conformance with
the requirements of the Purchaser, the National Board

of Fire Underwriters, the National Electrical Code, and
any other applicable regulations or ordinances, Where~
ever the Specifications call for material, workmanship,
arrangement or construction of a quality superior to
that required in any of the above rules and regulations,
the Specifications shall take precedence,

All materfals and equlipment shall be new and as modern
as the state of the art permits; be neat in appearunce,
and reflect good workmanship. There shall be no exposed
wires or cable except handset or similar connecting
cords,

PERMITS

(1)

Procurement of bLonds, llcenses and/or permits necessary
Yor authorization of the work shatl be the responsle
bility of the Contractor.
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ﬁ.

WARRANTY

{1)

The cquipment, furnished horein Hhitll be
Yor hoth pares and Laboy

aftap Aceceptanen, except faor Ineandeseopt Indieator
Lamps, vaecnun tubes, ece,, which normally carry the

manufacturer'y Rleetronic Industry Assoeinren ninety~
day warrant les,

wieranted
for a pertod of ape yeay

SYSTEM DEMONSTRAT TON

(1)

Manufacturer shaly

satisfaction of the
reprosentative of the Custome
the requirements of the Conty

be prepared to demonaty

ate to tho
customer

or a duly appointaed
r that the equipment meetg
act Documents,

FACTORY INSPECTION

(1)

The Contractor shall employ a qu
tem adequate to ensure that all

ality inspeetion 8Yys~
in this Specification are

equipments described
manufactured in accordance
with the details of this Specification and the appli-
cable referenced specifications. The customer or his
designated representatives will have the right to view
any or all of the factory testing as well ag sample
procedures of factory manufacturing Processes,

i ol
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APPENDIX R
CAPLTAL SCIENTIFIC CORPORATTON
2607 Comnectleut Avonue, N W,
Washington, N,C. 20008
GENERAL SPECIFTCAYTON REQUIREMENTS
FOR

LOW-BAND BASE STATION TRANSCEIVERS

1.0 GENERAT,

(1)

(2)

This specification covers VHF low~band (25=50 MHz)
radio transcelvers intended for uvperation ags bhase
stations at a fixed location.

The radio operating frequencies, the numbe * of channels
of operation, the operating frequency of each channel,
channel scarch requirements where employed, tone fre-
quency(s) for the continuous tone-controlled squelch
system if employed, pover output, ete., of the unit(s)
are set forth in the Equipment and System Specifica=
tions. Antenna requirements are set forth in Equip-
ment and System Specifications. Any exceptions to
these General Specification Requirements are also set
forth in the Equipment and System Specifications.

2.0 APPLICABLE STANDARDS AND PUBLICATIONS

(1)

Applicable portions of the following publications of
the issue in effect on date of Invitation to Bid
shall be a part of this specification,

¢ Federal Communications Commission Rules and
Regulations (FCC Rules)

Codz of Federal Regulations Title 47, Chapter 1,
Part 89 - Public Safety Radio Services. (In the
event of any conflict between this speclfication
and the FCC Rules regarding performance require=-
ments, the more stringent of the two shall apply).

® Electronlcs Industries Agsociatlon (EIA) Standards

R8=152-B Land-Mobile Communication FM or PM
Transmitters 25 to 470 M.

R5-204 Minimum Standards for Land-Mobile Communi-
cation M or PM Recelvers

B-1
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3.0
3.1

3.1

(2)

R5~220 Continuous Tone~Controlled Squaleh Systemr
(CTcss)

R8-237 Minlwwm Standard for Land-Mobhile Communlea-
tlon Bystems uaing FM er DM in the 25-470 MC
Fraqueney Spectrum

o Natlomal Electrien) Manufacturors' AnRoed atfon

(NEMA)

e lnstitute of Llcerrical & Blectronte Engincers

(The requiremonts of this apeclflontlon shall
supercede any conflicting requirements of the BIA,
NEMA or IEFE Standards),

¢ National Institute of Law Enforcement and Criminal
Just'ee Standards

NILECT = STD = 0201,00 Fixed and Base Station M
Transmitters

NILECJ - 81D - 0206.00 Fixed and Base Station FM
Recelvers

In the event of any conflict between the requirements
of the above publications and this Specification, the

requirements of this Specification shall take
precedence.

REQUIREMENTS, BASIC UNIT

GENERAL TECHNICAL REQUIREMENTS

Physical Description

(1)

Base station cabinets shall be formed of welded cold-
rolled steel and shall be finished in baked enamel.

A cabinet formed of equivalent strength plastic or
other material will be considered acceptable only if
it can be shown that it will provide the same, or a
greater, degree of electromagnetic shlelding than
would be provided by a steel cabinet, Mounting
facilities shall be provided inside the cabinets for
standard 19" rack-type equipment chasuis, Accoeny,
cither front or rear or both as applicable, to compo-
nents mounted within the cabinet shall be by weans of
a full-length door. Doors shall be fitted with key
locks to prevent unauthorized personnel from entering
and tampering with the radio-set chassls mounted within

the cabinet. TFloor-mounted cabinets shall not exceed
72" in overall height,

B-2
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3.1.2

3.1.3

Pewer Supplles

(1)

(2)

(3)

All reetifiors and vegulating elreultry in tha power
aupplios shall be aolild-gtate,

The power auwppllea ahall eperato from a neminal

O volts, 50 to 60 Hz, AC primary power souree and
shall furnish all operating veltages, All power roe-
tificrs amployed shall be mownted on the charals in
such o way as to allow maximum atlr clrewlatlon for
ventllatlon of powar supply components.

Transmitters, recolvers, and control facillities shall
operate within EIA Specificatlons at rated voltages
$10%, in accordance with Paragraph 3.2.3 of EIA
Standard R§-237 and shall be capable of starting and
operating for short periods of time without damage of
the equipment at rated voltage 220%,

Continuous Fong=Cuntrolled Squelch Svatem

(D

(2)

Unless stated otherwise in the Equipment and System
Specifilcations, the radlo sets shall have continuous
tone~controlled squelch systems designed to minimilze
reception of co-channel nuisance noise and skip inter-
ference. The tone-controlled squelch system shall
keep the receivers muted at all times except when an
RF cavrier continuously modulated by a particular tone
slgnal 1s recelved. Narrow-band tone channels shall
be avallable below 200 Hz with frequency spacing not
to exceed 3.6%. The quantity and frequency of these
tone channels shall be in accordance with EIA
Standard RS-200. Tone frequency determining elements
shall be hermetically sealed plug-in units, inter=-
changeable regardless of frequency and without any
type of adjustment. The tone frequency shall be
stable within #0.5% of its specified frequency over
the radio equipment temperature range from -30° to
+60°C,

There shall be two wodes of squelch operation avall-
able for selection. These are 1) carrier squelch
operation in which the recelver squeleh circult opens
for any sufficiently strong on-frequency RF carrier,
and 2) tone-actudted squelch operation in which the
recelver squelch circuit opens only when the incoming
on-frequency RF carrier is modulated by a continuous
subaudible tone of a particular frequency for the
particular recelver.

B-3
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.14 Remota Control Interface Unit

(1) Remote eontral {nterface uniea, to be loerced within
the equipment eabinets of remotely econtrolled uwnlen,
shall operate Into arandard 2ewhre and A-wire tolee
phone Vinea and shall, In every way. moog telephone
company requlrements and npeelficattons with regard
to output level, DG econtrol valtages, line balanedup,
tmpedance matehing, hum, and distortion. The Intop-
face unlts ahall provide for wnattended, remote con-
trol by eontral voltapges or tones, and oxtendod local
control operatdon, Local control of the transcodvor
base statlon unlts ahall alao he pousible,

(2) The remote control interfaco wdts loeated wishin

transcedver equipments shall be capable of performing
the following funciions:

a4, Maintain constant audio levels automatically,

b,  Provide continuous protectlon against transmitter
back-on in the wvent of control line outages,

3.1.5 Ad Justments

(1) o facllitate servicing, tuneable circult adjustments
shall be readily accessible. Adjustments shall be

possible without the necessity of special patch cords
or intercabling,

3.1.6 Frequency Control

(1) Non-heated quartz crvetals shall be ciiployed to
control both the traswmitter and the receilver fro-
quencies. Crystal oxcillators shall be housed in a
sealed, factory-adjusted, plug=in module to assure
precise frequency contvol. To mect or excued FCC

| Regulations, the oscillator modulaes shizi! maintain
frequency stability within $0.0005% of the assigned
center frequency over an ambient temperatuse range of
-30°C to +60°C (+25°C reference). An adtustment shall
be included to permit setting oscillator units to the
exact operating frequency,

3.1.7 Meturing

(1) A1l metering and alignment shull be readily accom-
plished with a standard externnl single-scale 0 to
30 mleroampere, 20,000 ohms per volt volt-ohm-
millimeter, and associated meterding plugs., A1l

- — e o
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3!118

3.2
3.2.1

3.2,2

.3.2.3

points easential to checking and tuning the radio met
ghall be properly shunted and connected to multi-pin
connectors to faeillitate routine malntenance,

Controls and Adjustments

(1)

The following minimum number of control functions
shall be accessible at the equipment cabinet:

a. Power on~off aswiltch

b,  Volume control

¢. Channel selector (1f applicable)
d. Squelch adjust

e. Line level (if applicable)

f. Microphone and speaker

TRANSMITTER TECHNICAL REQUIREMENTS

Type Acceptance

(1) The transmitter shall be rated for continuous~duty
service and shall be "type accepted" by the Federal
Communications Commission., Transmitter emission shall
be designated 16F3 as defined in FCC Rules and
Regulations Part 2, Subpart C.

Modulatlon

(1) In accordance with FCC Rules and Regulations, the

transmitters shall include an instantaneously-acting
deviation-limiter circuit. This circuit shall have a
continuously variable control to permit setting trans-
mitter deviation to any predetermined limit between

0 and %5 Kiz.

Signal Qualitz

(1)

When measured according to EIA Standard RS-152B,
transmitter specifications shall be:

a. Spurious and Harmonic Radiation - attenuated at
least 85 dB below the RF carrier level.

b, Audio Distortion - Less than 3% at 1000 Hz test
tone at 2/3 maximum deviation.

a2
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3.2.4

e, FM Noloe and Renddund Hum — Ac Teant 55 dB below
203 maxtwum deviatton ot 1000 He aa mearired
through a atandard de-omphasds elveult of OB~

per-aeinve,

d Audlo Responge = AL any Input Creguency from
3000 1z to 3 Ribky, the andlo Trequency responne
shall not vary more tum +1 or -3 dB from a trae
6 A /octave pro-emphasts characteriatie as
referrad to tle 1,0 Kz Tevel (with oxceptlon of
a 6 dB per octave roll-off from 2.5 Kz to
3Kz,

Tone Generators

()

The radio sets with continuous tone controlled
squeleh systoms shall dnclude tone generators to
madulate the transmlitters in acceordance with the
requivements ol EIA Stoandard R8=220,  The tone~
penerating elements shall maintain froquency stabillicy
of within #0,5%2 of Lts spocificd frequency over the
ridio equipment tomperature range from =30° to +60°C,
The tone generating elements shall be hormetically
sealed and shall be o plug-in type wunit so that tone
frequency can be chanped merely by plugptug dn o dif-
ferent tone-pencrating element without any type of
adfustments,

Frogueney Sceparation

(1)

Multiple frequency operation with a frequeney separi-
tion of up to 4% shall not degrade the transmitter
output power tevel as compared to single frequoney
power output lovel,

Transmitter Duty Cycle

()

The transmitter shall deliver tull output power when
operated on a 200 duty evele por BETA R8=152-8,
Paragraph 200100010,

Vutput  tmpedanes

N

The tronsmitter output shall mateh nominal RE
tpedimice ot %0 ol

Wb
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3.3

3.3.1

3.3.2

3.3.3

3.3.4

3.3.5

3.3.6

T ErTTTRET TR T T R T TR T v A T nrmma e

RECETVER TECHNICAL REQUIREMENTS

Txpen

(1) The recelver shall be of the superheterodyne type with
crystal-controlled local oscillators. The clrcuit
shall ude high-quallty, long-life transistors and
diodes throughouti no tubes shall be used.

Seluct%vitz

(1)  Major selectivity elements shall precede the major
gain determining elements to minimize ceffects from
slgnals on other channels.

(2) A signal displaced to an adjacent channel center fre-
quency from the receiver tuned center frequency shall
require at least 85 dB greater power level than the
"on-channel" power level to reduce a center frequency
12 dB STNAD to 6 dB SINAD,

Quieting Sensitlivity

(1)  An "on=-channel” signal of 0.4 microvolt or less, when
impressed across the antcuna input, shall produce
20 dB of noise quieting in accordance with EIA
Standard RS-204, Section 4.

Usable (RIA-SINAD) Sensitivity

(1) Usable sensitivity shall be at least 0,35 microvolt
for a 12 dB ratlo of signal plus noise plus distortion-
to-nolse plus distortion, in accordance with EIA
Standard RS-204, Section 3.

Modulation Acceptance

(1) The modulation acceptance bandwidth of the receiver
shall be at least 6 Kilz when measured in accordance
with E1A Standard R$=204, Section 6.

Spurious and Image Rejection

(1) The spurious and fmage signal rejection at the usubic
sensitivity level shall be at least 100 dB when meo-
sured in accordance with ETA Standard RS-204,

Soection 8.
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3.3.7 Audio Poyer Outpurt

(N

The audio Htages of the
outpul of at least five
tive load as measured
a8 specifiod in RIA St
Audio distortion using
less than 5%,

least 55 4B pol

receiver shall deliver an
watts fntp 4 matching resiy-
at the rocetver eutput terminals,
andard R§=~204, Sccrion 10,

a 1000 Hz test tone shall phe

All noise and residual huh shall be
oW the rated

at
awdio output level,

3.3.8 Audio Response

(1) Audio frequency response shall be within +1, -3 dB
of the normal 6~dB-per-octave de-emphasig character-
istic from 300 to 3000 Hz, measured in accordance with
EIA Standard RS=204, Sectio

n 11,
3.3.9 Intermodulation Products
(1) At least 63 dB below the receiver centey frequency
response,
3.3.10 Impedance ]
(1)  Receiver RF input impedance shall be 50 ohms.
L b
3.3.11 RF Circuits
———tCults
: (1) Tunable circuitry shall be used ahead of the first
: RF amplifier for reduction of of f~channel interfer-
‘ ence. This circuitr shall be highl selective and
| y y
o shall result iy the reduction of interference on both 3
: the high and the low side of the Incoming receiver {
RF carrier frequency.
i
' 3.3.12 Frequency Separation
(1) Multiple frequency operation with 4 frequency separg-
tion of up to 0.4% will not degrade the receiver ]
sensitivity gy compared to single frequency operation, ]
3.3.13

Limitors

(1) There shali be
preceding the
modulated inge

at least o low=Ffyp
discriminatnr st
rference,

quency IF stages
:mvtnrmmmfmwtﬂmh

e
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3.3.14

3.3.15

3' 3.16

3.3.17

..

Carrier Squeleh Clreult

(H

e earrier-actunted squeleh elreutt shall be of the
nolse compensated, adjustable-sensltivity type. At
the threshold setting a signal of 0.25 microvelt or
less shall provide squeleh opening., The gqueleh elr-
cult shall be designed so as not to respond to nolse
bursts. With an on-frequeney signal at the recelvoer
input, the squelch control set ac the threshold and
the audio modulation adjusted and held constant at the
maximum-rated system deviatlon, the sensitivity of

the squelceh clreuit shall not exceed the rated thres-
hold sensitivity at the modulation frequeney is varied
over the range 300 to 3000 Hz. The squelch sensitivity
control shall provide a minimum of 20 dB adjustment
range in direction of decreasing recelver sensitivicy
starting from maximum squelch point.

Tone~Actuated Squelch Clrcuit

(1)

If the transceiver includes a continuous tone-
controlled squelch system, the tone-actuated squelch
circult shall be controlled by electromechanical
resonant reeds or active solid state filters and shall
comply fully with EIA Standard RS-220. Squelch sensi-
tivity shall be fixed at less than 6 dB of recelver
quieting.

Accessibility

(1

All receiver components and circultry shall be
accessible from the front of the cabinet or rvack by
means of a fold-down shelf, swing-out panel, or
similar device for fast and convenient trouble shoot-
ing and service. All tuning shall be from the front
of the unit and shall not requlre special tuning
devices.

Pulse=type Noise Suppressor

(1)

The equipment shall include pulse-type noise suppres-
sion circuitry. With the noise suppressor switched in
and the receiver subject to a pulse-type noise inter-
forence that would otherwise degrade the 20 dB noise
guleting level of the recelver by 50 dB, the 20 dB
noise quivting level shall be within 6 did of what 1s
normal for the receiver with the noldse suppressor
switehed out and no pulse-type neise fnterference
prosoent.
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3.3, 18 Monltoring Facilitien

(1)

It shall be pessible to monitor the recelver with a
apeaker whiech can be switched In or ont as destired,

4.0 DOCUMENTATTON

(1)

(2)

omplete docwmentation shall be supplloed with cach
ltem of cquipment, This documentat ion shall include
hut not necessarily be limited to the following ftems:

a. One copy of a complote maintenance and operat lons
manual for each ltem of equipnent delivered.

b, Where basic components are interconnected teo form
a system, a system interconnection diagram show-
ing functions of all switches and routing of all
signals along with a clear explanation of system
operation shall be supplied.

Three complete sets of "as built" drawings shall be
supplied by the Contractor upen completion of instal-
lation. These shall inelude both vertical and plain
views of the actual fnstallation, and it shall
identify the locatlon of cach interface puint,
including power, audio and control clrcults., The
location of cach terminal block or other point of
interface shall be clearly indlcated and the identicy
of each binding post or other type of interface con-
nection be shown on the drawings,
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